Pneumomediastinum, the leakage of air or gas into the mediastinum, can be a primary or secondary diagnosis. Although spontaneous pneumomediastinum (SPM) is uncommon in pediatric respiratory disorders, it is potentially life-threatening. In this study, we investigated the associations between various etiologies and clinical presentations, hospital length-of-stay, and clinical outcomes of SPM. From January 2004 to December 2007, we collected medical records and chest films from 23 pediatric patients with SPM. Results showed that increased hospital length-of-stay was significantly associated with asthma (p = 0.035), dyspnea/tachypnea (p = 0.01), and emergent visit (p = 0.04). Dysphagia was associated with shorter hospital stay (p = 0.058). Besides, the disorder was misdiagnosed initially in 21% of patients. In conclusion, there may be close relationships between the predisposing factors of SPM and its clinical manifestations. The high rate of misdiagnosis highlights the importance of careful examination and history taking in pediatric patients with chest pain.
Pneumomediastinum (PM) is usually associated with a sudden formation of a pressure gradient between the alveolus and surrounding tissues, resulting from either an overinflation of the alveoli or a reduction of interstitial pressure [1] . Spontaneous pneumomediastinum (SPM) is defined as the presence of interstitial air in the mediastinum without any identifiable etiology, such as invasive procedure, mechanical ventilation, trauma, or other obvious disease process [2] . It is uncommon in children and mainly occurs in male adolescents [3] [4] [5] [6] .
Clinically, patients usually present with subcutaneous emphysema, chest pain, cough, neck pain, dyspnea, tachypnea, and Hamman's crunch. In most patients, PM is diagnosed by chest X-ray and physical examination. Although it is thought to be a benign condition and is usually resolved without any sequel, potentially life-threatening complications, such as mediastinal air block, may arise [2, 6] .
SPM is predisposed by asthma, respiratory infections, smoking, or situations reproducing the Valsalva maneuver. In this retrospective study, we investigated the associations between various etiologies, predisposing factors, radiological findings of SPM, clinical manifestations, and hospital length-of-stay in adolescents and children.
MATERIALS AND METHODS
The computed radiology medical records of the pediatric patients with SPM between January 2004 and December 2007 at Kaohsiung Medical University Hospital, a hospital that has around 14,000 pediatric emergency department visits and 68,000 pediatric outpatient department visits per year, were collected. A total of 23 cases of SPM (aged, 1-18 years) were enrolled in this study. The initial chest computed tomography (CT) scans, if available, and chest filmswere reviewed, and their medical records, including demographic data, underlying disease, length of hospital stay, complications, treatment, and referral source data were studied. Special attention were paid to the predisposing factors that precluded SPM (e.g. asthma, recent respiratory tract infection, vomiting of Valsalva maneuver, foreign body aspiration, and physical exertion); related respiratory system symptoms (e.g. dyspnea, tachypnea, cough, subcutaneous emphysema, and chest pain); and non-respiratory symptoms (vomiting, neck pain, and dysphagia) when initial presentation asthma was diagnosed by the history and positive bronchodilator test or provocation test. Respiratory tract infection is defined as those without asthma but with respiratory symptoms, such as fever and cough. Idiopathic is defined as no identified predisposing or precipitating factor.
Statistical analysis
Statistical analysis were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA). Descriptive data are expressed as frequency (percentage) or mean ± standard deviation in Tables 1 and 2 . Student's t test and Mann-Whitney U-test were used for comparison between different predisposing factors, clinical presentations, and complications. A p value of < 0.05 was considered as statistically significant. 
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RESULTS
A total of 23 patients (17 boys and 6 girls; median age, 16 years; range, 1-18 years). The average length-ofstay was 4.4 days (range, 2-8 days). All cases were diagnosed using chest radiography. A summary of predisposing and precipitating factors, symptoms and/or signs, complications, and treatments were summarized in Table 1 . The most commonly-related disorder is asthma (n = 6, 26%), followed by respiratory tract infection (n = 5, 22%). Six patients were idiopathic (n = 6, 26%). Clinical symptoms and signs included subcutaneous emphysema (n = 18, 78%), chest pain (n = 17, 74%), dyspnea and tachypnea (n = 12, 52%). Associated complications included pneumothorax (n = 4, 17%) and pneumopericardium (n = 1, 4%). Only one patient required chest tube drainage because of the associated pneumothorax. There was no severe respiratory distress leading to the need for endotracheal intubation. A 6-month follow-up revealed no death in any of the patients. We compared length-of-stay by sex, predisposing and precipitating factors, clinical picture, complications to source of referral (Table 2) . Increased length-of-stay was significantly associated with asthma (p = 0.035), dyspnea/tachypnea (p = 0.01) and emergency visits (p = 0.04). In addition, dysphagia was associated with shorter hospital stay (p = 0.058).
Chest roentenography, chest CT, lung function test, esophagogram, and bronchoscope examination were performed. All patients received at least one chest roentenography, 11 (48%) received chest CTs, three (13%) underwent esophagograms because of the suspected esophageal perforation, and one (1%) received bronchoscope examination.
Unexpectedly, the disorder was misdiagnosed initially in five (21%) patients. Two patients with isolated retrosternal pain were misdiagnosed as having gastroesophageal reflux disease.
DISCUSSION
In this study, results showed that asthma is the most frequent predisposing factor to children with SPM, similar to other previous studies [3, 5, 7, 8] . Because of the increased prevalence of asthma-related SPM, patients with SPM should undergo diagnostic pulmonary function test in order to establish the diagnosis [9, 10] . Patients with asthma should be monitored closely to achieve good control and prevent complications, such as increased morbidity and duration of hospitalization [11] .
In this study, hospital length-of-stay was used as a parameter of clinical severity. Patients with asthma as a predisposing factor and either dyspnea or tachypnea had longer hospital stay. In addition, these patients required bronchodilators, steroids, and oxygen therapy. Interestingly, we found that patients who were admitted through emergency departments also had a longer hospital stay, which may be a hint for the more severe cases. In contrast to Damore and Dayan's finding [5] , there are no correlations between sore throats or neck pain and hospital stay in our study. However, patients without dysphagia had a trend of longer hospital stay. The difference may be due to the subjective descriptions and retrospective study. Besides, patients with neck discomfort, such as sore throats, neck pain, or dysphagia, may be less severe because there may be small air leaks into the neck, which would help releasing the air pressure in the chest and air trapped in the chest and make recovery from SPM faster. Further prospective studies are needed to substantiate this hypothesis.
Because it has a low occurrence rate and usually is not severe, SPM can be easily missed in diagnosis, for which a single chest X-ray is usually sufficient. Although some authors have suggested that SPM is under-diagnosed in young patients with isolated chest pain [12, 13] , missed diagnoses are rarely discussed. In our study, five of 23 cases (21%) were missed initially. Two of our patients were misdiagnosed as gastroesophageal reflux presenting because of isolated retrosternal pain. Other supplementary examinations include: esophagogram, which is indicated to rule out esophageal perforation, and bronchoscopy, which can help evaluate the tracheobronchial tree. High resolution chest CT can be used to detect a possible air or liquid expansion outside the esophagus and detect mediastinitis [14] , though it has been suggested that if chest radiograph is diagnostic of pneumomediastinum and there is no risk of perforated intrathoracic viscus, no further investigations are required [15] [16] [17] [18] . Radiation exposure from chest CT for such benign conditions should also be seriously considered before being prescribed.
Treatment for SPM includes identifying underlying causes, bed rest, oxygen therapy, reassurance, and analgesics; and, if the subcutaneous emphysema is remarkable, subcutaneous needle drainage may be necessary [14] . SPM is usually a benign and selflimiting condition, prognosis is related to the underlying disorder, and aggressive investigation is rarely warranted [3, 8, 13, 17, 19] . Not all of these patients should be admitted. If the patient presents chest pain and a history suspicious of SPM, chest X-ray is necessary. Once the diagnosis is established, a detailed history should be taken, vital signs should be monitored, and the patient should be examined for the possibility of esophageal tear. For stable patients with no complications, outpatient treatment and followup is suitable [18, 20, 21] . However, if history cannot be made clear and the child is young, a short, inhospital observation may be required.
There are some limitations in our study. First, because of the low occurrence of SPM, the sample size in this study is too small. A more significant and convincible result can be achieved with longer observation and larger sample size. Second, the retrospective nature of this study may not account for all medical causes, symptoms and/or signs, and complications. The percentage of symptoms and/or signs in real situation may be higher. In our study, only three children showed Hamman's crunch, which is considerably lower than other previous studies [10, 22] . This sign might have been under-diagnosed by physical examiners in current study as some may be unaware of its occurrence and not record this sign.
Because there is an increased possibility of misdiagnosis of SPM in children, pediatricians should be familiar with the signs/symptoms of the disorder. A simple chest radiography will lead to a definitive diagnosis and predisposing factors should be carefully evaluated. The clinical outcome will be much better if patients receive earlier treatment.
